Fig. S1
Graphical representation and modeling of observed binding affinities for cocaine DAs. 
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Detailed Experimental Methods Solution FRET Assay. Cy3-labelled DNA aptamer and each BHQ2-quencher-labeled ACE were reconstituted to 100 µM in water, aliquoted, and stored at -20˚C. The concentration of these stocks was confirmed using a Nanodrop 2000 UV-Vis spectrometer (Nanodrop, Wilmington, Delaware, USA). For the solution FRET assays, all fluorescence measurements were carried out in a total volume of 10 µL in Assay Buffer 1 (20 mM Tris, 300 mM NaCl, 5mM FRET Melting Assay. The hybridization affinity of the solution-based DAs were measured using FRET melting (e.g. 2,3 ). ACE:aptamer solutions with a 1:1 molar ratio were prepared in dilutions ranging from 4 µM to 400 nM (total strand concentrations, C t ) in Assay Buffer containing 0.1 % Tween 20 via serial dilution. Simultaneous thermal denaturation of all samples was achieved using a rotary qPCR machine (Corbett Rotor-Gene 6000, Qiagen, Valencia, California, USA) with fluorescence acquisition in the yellow channel (Excitation: 530 nm; Detection: 555 nm; Gain:
10/10). The melt curve was programmed as follows: all samples were heated to 95˚C for 5 min, then slowly cooled from 95˚C to 25˚C in steps of 0.05˚C held for 3 seconds each, then held at 25˚C for 2 min, and finally heated from 25˚C to 95˚C in steps of 0.05˚C held for 3 seconds each. When including the additional time taken by the cycler to change temperate (~3 seconds), the thermal ramp implemented here was approximately 0.5˚C/min.
To extract thermodynamic variables, melt curves for all ACE:aptamer samples were first normalized to the fluorescence of a sample containing only Cy3-labeled aptamer, which was done to account for the temperaturedependent decrease in fluorescence of Cy3. Next, T m values were extracted using Matlab by defining the T m as the temperature at which a sample achieves a half-maximal normalized fluorescence intensity, with ∆H, ∆S and ∆G Hyb 25˚C values extracted based a van't Hoff plot of 1/T m vs. ln(C t /4) (see Tab. S1 and Fig. S4 for details).
ACE Microarray Fabrication. ACE microarrays were printed on 2D aldehyde-functionalized glass slides using an inkjet spotter (Nanoplotter 2.0, GeSiM, Radeberg, Germany). Prior to printing, amine-functionalized ACEs were dissolved to a final concentration of 8 µM in 1 x Printing Buffer (3xSSC, 1.5 M betaine, pH 7.0) (Note: 20xSSC contained 3 M NaCl, 0.3 M Sodium Citrate, pH 7.0). Each microarray feature was made by printing a total volume of 2.0 nL onto the slide surface using a type J NanoTip (GeSiM). 10 replicate spots of each ACE were printed per slide sub-array, with up to 14 replicate subarrays printed per slide. Printing was carried out at 70 % relative humidity and 25˚C in the dark, and slides were incubated for 8 h under these conditions to ensure uniform binding of ACEs to the slide surface within each microarray feature.
After printing, ACE microarrays were washed with 0.2 % SDS for 4 min and water for 5 min. Remaining aldehyde functional groups on the slide were reduced using a 0.25 % sodium borohydride, 0.75 x PBS, 25 % ethanol buffer for 45 min, followed by a wash in 0.2 % SDS for 4 min, and a final wash in water for 5 min. After washing, slides were immediately preincubated in Hybridization Buffer (4xSSC, 1 % BSA, pH 7.0) for 1 h, washed a final time with water for 5 min, and then dried using filtered nitrogen gas. All washing, deactivation and prehybridization steps were carried out at room temperature in 100 mL of the respective buffer.
Surface-based Fluorescence Assay. 250 µL of 0.1 µM Cy3-labeled aptamer in Hybridization Buffer was heated to 72˚C for 5 min, 41˚C for 5 min, and then incubated at room temperature (25˚C) for 45 min. ACE microarrays were hybridized for 18 h at room temperature using custom hybridization chambers in a dark and humidity-saturated container. After hybridization, arrays were dissembled in 4xSSC, followed by washes with 2xSSC for 3 min and 1xSSC for 1 min, all at room temperature. Finally, microarrays were dried using filtered nitrogen. Slides were scanned (Calibration Scan), and stored dry under nitrogen in the dark at room temperature until carrying out an assay.
Hybridized slides were split into identical and addressable sub-arrays using a 16-well gasket (ProPlate 16-well slide module, Grace Bio-Labs, Bend, Oregon, USA). To carry out a surface-based fluorescence assay, ATP (or GTP) was serially diluted in Assay Buffer, and 110 µL of ligand (or buffer only) was added to each sub-array (generating test subarrays and "Buffer" subarrays), except for any "Blank" subarrays, which were not incubated with any buffer. After sample addition, wells were sealed and the slide was incubated for 1 h at room temperature. After sample incubation, slides were dissembled in room temperature 2xSSC and washed in room temperature 1xSSC for 1 min, dried using filtered nitrogen, and scanned (Assay Scan).
In support of the high accuracy, specificity and quantitative nature of measurements made using the surface-based fluorescence assay developed here, it is important to note that the performance of the current assay is superior to a previously published DA for ATP, in which DAs constructed on a glass surface were unable to provide quantitative readouts for ATP 4 . To our knowledge, the study by Carrasquilla et al. 4 is the only previous example of a glass-and fluorescence-based ATP DA available in the literature.
Slide Imaging and Microarray Signal Quantification. Slides were scanned in red and green channels using a microarray scanner (G2505C, Agilent Technologies, Santa Clara, California, USA) with a single pass at 5 µm resolution. Microarray features were extracted from the 16 bit TIFF files using Array-Pro Analyzer software (Media Cybernetics, Rockville, Maryland, USA). Data extracted from the green channel for each microarray was analyzed and plotted using custom MATLAB (R2012b, MathWorks, Natick, Massachusetts, USA) and GraphPad Prism (Version 6.0e, GraphPad Software, La Jolla, California, USA) scripts. All data from the solution-based FRET assays and surface-based fluorescence assays were fit using sigmoidal, 4-parameter logistic curve fits (GraphPad Prism).
Data analysis made use of two normalization techniques. First, the fluorescence values of each microarray feature in the Assay Scan were normalized to their corresponding intensity in the Calibration Scan. This allows us to account for slide surface inhomogeneity and any variation in the printing process, and the normalized data can be interpreted as representative of the fluorescence loss occurring during the Assay incubation. Second, fluorescence values for each ACE (e.g. all 5' -5C:12 ACE features) were further normalized to the mean fluorescence value of that ACE in the "Blank" sub-array, which itself was defined as having a relative fluorescence value of 1.0 after the Assay incubation step. This second normalization allows for relative changes in fluorescence caused by the presence of a target molecule for each ACE-based DA to be independently assessed, and also normalizes the dataset for any handlingspecific changes to DA fluorescence over the slide surface. In this manner, it is possible to quantitatively assess the loss of aptamers from the surface that arise from incubation in buffer-only or target-containing conditions. Finally, for some microarrays a Cy3-labeled control oligonucleotide was also printed in each sub-array, to verify that no differences in inter-subarray fluorescence losses occurred over the course of a surface-based fluorescence assay.
Predicted Thermodynamic Properties. Melting temperatures of hybridized ACEs were calculated using the DINAMelt 5 webserver using the "Hybridization of two different strands of DNA or RNA" application, assuming 200 nM concentrations of each DNA oligonucleotide, Assay Buffer conditions (300 mM Na, 5 mM Mg), and including only the hybridizing portion of the ACE sequence (Not including the surface linker). The melting temperatures reported here were calculated as the temperature at which half of the aptamer molecules are no longer duplexed with an ACE. Other thermodynamic properties were calculated using the "Two-state melting (hybridization)" application using the same conditions (400 nM total strand concentration) at 25˚C; representative secondary structures of DA states are depicted in Fig. 2 ; a correction value of 7.6 kJ mole -1 (a value derived for FAM:BHQ1 interactions 6 ) was applied to ΔG 25˚C for the predicted K Hyb values, to account for the added stability of the BHQ2:Cy3 dye pair on ACE:aptamer hybridization affinity.
Analytical Model Derivations 1) Apparent aptamer affinity.
In equilibrium-based experiments, the observed affinity of a nucleic acid aptamer for its cognate ligand is equal to the apparent affinity of the aptamer (K Fig. 2 .
2) Four state model of DA ligand binding.
The four-state, two-pathway thermodynamic cycle for DAs shown in Fig. 2 can also be shown in compact form:
Here, A represents aptamer molecules, C represents ACE molecules, and T represents ligand (ATP) molecules.
I.F.
The affinity constants for this cycle are defined as:
At equilibrium, the induced fit and conformational selection pathways in this cycle must have equal equilibrium constants 7 , leading to the following equality:
The apparent affinity (K d app ) of a system is defined as the amount of ligand needed to obtain a half-maximal increase in observed signal from baseline, and can be defined as for a typical affinity constant 7 . For a model of DAs considering only conformational selection, we can define the C.S.-only observed affinity (which we term K d C.S. , Fig.   3c black solid lines) using the effective concentration of reactants (the concentration of A and AC species before T addition, and (ii) the amount of T added) and products (i.e. (iii) the concentration of AT) to arrive at:
Substituting the affinities defined in Eq.1, we have: 
(Eq. 5)
Substituting the affinity constants defined in Eq.1, we arrive at:
Finally, we can derive the apparent affinity for a complete model of DAs in which both conformational selection and induced fit are possible. In developing a model of the predicted observed binding affinity of DAs (which we term K d Obs ), we can define K d
Obs as:
Substituting the affinity constants defined in Eq.1, we can derive the following equation for K d Obs :
(Eq. 8) Fig. 3c and S4a,b (dotted lines).
Tab. S1 Measured and simulated thermodynamic properties of ACEs tested in this study. and cooperativities (n). 
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